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ABSTRACT

This study investigates the micro-determinants of land use change using
community, household and plot histories, an ethnographic method that constructs panel
data from systematic oral recalls. A 20-year historical timeline (1975-1995) is
constructed for the village of LaLimain centra Honduras, based on a random sample of
97 plots. Changesin land use are examined using transition analysis and multinomial
logit analysis. Trangition analysis shows that land use transitions were relatively
infrequent in areas under extensive cultivation, but more so in areas of intensive
cultivation; and that most changes favored intensification. Econometric analysis suggests
that land use intensification was influenced by plot level variables (especialy atitude,
dope, distance to aroad and tenure), farm level variables (human capital, farm size, and
ownership of productive implements), and by community variables (especialy presence
of technical assistance programs).

To the extent these results are found to be more broadly representative, they
suggest that there may be good potential to promote income-enhancing horticultural
development through investments in technical assistance and education in similar
communities elsewhere in Honduras. The study concludes that the plot history approach
isapotentialy vauable tool for investigating the underlying causes of changein land use
at the micro-level. The method is particularly well adapted to situations where the
availability of datais poor. It isalso suggested that the approach would have additional
benefits when replicated over alarge number of sites as thiswould alow integration of
higher order determinants (e.g. national policies and market incentives) while expanding
the applicability and representativity of findings.
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DETERMINANTS OF LAND USE CHANGE: EVIDENCE FROM A
COMMUNITY STUDY IN HONDURAS

Gilles Bergeron and John Pender

1. INTRODUCTION

This study investigates the determinants of land use change in one community in
Honduras. Land useis defined here as a generic type of land cover—forests, pasture
lands, and annual croplands are such types.* Changein land use can have far reaching
consequences for farmers welfare aswell as the environment. For instance, conversion
of aforest or pasture into irrigated cropland may increase farmers’ incomes, but may also
increase soil erosion, reduce plant bio-diversity, or lead to environmenta pollution. On
the other hand, intensification of land use (e.g., through terracing) may be associated with
investments in land improvement that restore fertility to depleted lands (Scherr and
Hazell 1994; Pender 1998). Given such wide ranging impacts it isimportant to
understand how land managers arrive at their land use decisions, so that the potential
benefits can be exploited while minimizing the negative consequences associated with
such change.

Land use decisions are generally viewed as a function of both macro- and micro-
level processes (Land Use Cover and Change [LUCC] Working Group 1996). The

effects of macro-level factors (defined here to include land policies, markets and trade,

! We distinguish land use from land management, as the latter refers to the
practices realized within a particular type (e.g., which type of crop is grown in annual
cropland).



aggregate population growth and technology development) on land use decisions have
been relatively well studied (Capistrano and Kiker 1995; Turner et al. 1995). By contrast,
the effects of micro-level factors (defined here to include to the land' s bio-physical
characteristics, the human and economic endowment of the farming household and
community characteristics), and their importance relative to macro-level factors, have
been little examined. Thisisthe task we undertake here.

Our approach to the analysis of land use change begins with the identification,
within homogeneous agroecological zones, of the various “ pathways of devel opment”
adopted by rural communities over a given period of time (Scherr et a. 1996). Once the
basic pathways are identified, they are individualy analyzed using the plot history method
(Bergeron and Pender 1996). To test the approach, a hillside region of central Honduras
was selected. Severa different pathways were identified using secondary data and
community survey data (Pender, Scherr, and Duron 1999). This paper presents a case
study of a particular village in central Honduras, La Lima, which is representative of the
“horticultural development” pathway. Besides the analysis of this case, the purpose of
this paper is to demonstrate the application of the plot history method to a concrete
situation, and its usefulness in understanding processes of land use change in general.
Although La Lima represents only one particular development pathway, the method can
be applied more broadly to study the causes and implications of land use changein

different development pathways.

2 pathways identified included: 1) basic grain stagnation; 2) basic grain expansion;
3) forestry specialization; 4) non-farm employment; 5) coffee expansion; and 6)
horticultural intensification (Pender et al. 1999).



2. CONCEPTUAL FRAMEWORK AND HYPOTHESES

Our general conceptual framework draws from the theory of agricultural change
as developed in the work of Boserup (1965), Ruthenberg (1980), and others. Simply put,
these authors argue that people adapt to changes in the conditions they confront, and that
these adaptive responses are the main source of technical and institutional change in
agriculture. Boserup stressed population growth as the dominant cause of agricultural
development in underdeveloped countries: as population growth increases the scarcity of
land relative to labor, reductions in fallow periods occur and labor use gets intensified.
Technological and institutional innovations are expected to ensue, eventualy resulting in
further land use changes. Binswanger and Mclintire (1987) and Pingali et al. (1987)
expanded upon Boserup’s model by introducing markets as another driving cause of
agricultura intengification and land use change. Lele and Stone (1989) added the role of
policy as afactor in shaping the nature and impacts of agricultural change, notably
through the sanctioning of land use rights. Smith et a. (1994) emphasized exogenous
technological developments, in addition to the preceding factors.

Our conceptual framework incorporates these macro-level factors under the term

“pressure/shift variables’ (Figure 1). We view these factors as the primary driving forces
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for land use change in agiven plot. Their impacts are not equally distributed across
gpace, however. Assuggested in Figure 1, each individua community “conditions’ the
impact of these prime factors through its particular set of endowments; namely its

biophysical characteristics, infrastructural resources, and socia capital (local institutions
and culture of production). These conditioning variables filter the pressures for change,
by affecting the constraints and opportunities at the local level.

Oncefiltered by local variables, macro-level factors affect land use through their
effect on local micro economic conditions. For example, national policies may foster the
development of local credit markets, making it possible for farmersto invest in some

plots and convert them to the production of cash crops. A downturn in cattle prices may



reduce the need for pasture, making large areas of land available for producing grain and
other crops (Johnsson 1992). An agricultural extension policy that resultsin local yield
increases may allow farmers to redirect some of their lands towards other purposes. The
implications of exogenous changes on local land use are not always predictable, however:
anew road may increase farmers’ incomes and their incentive to invest in soil and water
conservation; but it may also contribute incentives to deforest and quickly “mine”’ the
soil’ s natural fertility. We suggest that the final outcome is premised upon the interplay
among three levels of determination: the community; the farm; and the plot. Below we

present a few hypotheses as to how this occurs.

COMMUNITY FACTORS
From a microeconomic perspective, community-level factors (which include

public infrastructure, market structures, local organizations, technology and population)

affect farmers decisions either by reducing costs per unit, by increasing local output
prices or by affecting risk.

1) Public infrastructure (roads, irrigation facilities) may alow for the production of
crops that were previously not considered, either because transport costs were
prohibitive, because water was a limiting factor, or because production risk was
too high without irrigation.

2) Market structures, including the presence of input suppliers, intermediaries,
transport service and market outlets, affect land use by opening up the

opportunities available to farmers. Local market imperfections—land or |abor



3)

4)

5)

scarcities, lack of credit—may constrain adoption of new technologies and land
use change, particularly for crops whose resource requirements exceed the
family’slabor and capita availability.

Local organizations and institutions may affect land use choices by regulating
usage at specific points (e.g., near water sources) or by imposing restrictions on
certain practices, such as use of agrochemicals or water. Producer associations or
cooperatives may also reduce risk by capturing external resources, and providing
representation. Local institutional mechanisms that facilitate the exchange of
labor, such as “ corvées,” may also enable farmers to alocate plots to higher
intensity use.

Technical assistance: technology diffusion among peers dominates in traditional
farming but when new technologies are involved, farmers critically rely on advice
from outside sources, and the availability of extension services may be acritica
factor to intensification.?

Changes in population density may affect land use choices by increasing the
scarcity of land relative to labor, which creates pressure to reduce fallow periods

and to invest labor effort in increasing land productivity. Thismay result in

% That the technological and financial complexity of commercia farming

accentuates farmers' dependence on professional sources has been corroborated by
various studies, which showed a considerabl e readiness among small farmers to pay for
technological or professiona advice when it is directly linked to their commercial
undertaking (Fearne 1990) but much less interest in issues like soil conservation, which
have consequently remained difficult to privatize.



technological and ingtitutional innovations (inventions, adaptations) that, once

obtained, also create incentives for change.

FARM CHARACTERISTICS
The farm internalizes a complex set of internal and external relations. On the one

hand, farmers continuoudly respond to the economic, technologica and political forces by

which they are surrounded. On the other hand, they routinely exercise options within that
range (Lowe, Ward, and Munton 1992). We assume here that the main determinants

guiding farmers' selection of options are: 1) access to factors of production; and 2)

individual motives and preferences, including their attitude towards risk and time

horizon.

1) Access to factors of production: The decision to change land use must take into
account all present and future costs and benefits entailed by this change, from
improvement investments (if required) to the capacity to access labor and capital
for future production under the new use. We therefore expect that the resource
endowment of a household—the amount of land, fixed assets, labor and capital it
can access—will affect its decisions about land use allocation. Farmers' skill can
also be viewed as afactor of production: afarmer’ s relative abilities and training
leads to variations in the implicit price of factors, which affects the relative costs
of production, thus influencing land use choices. Decisions made within the
household on building up their human capital will thus affect its set of relevant

endowments.



2)

Personal motives: The attitudes of farmers towards land use has been associated
with lifestyle choices: part-time farmers earning an incidental proportion of
household income from farming were found to be more likely to manage their
land in away that protects and enhances the traditional function of the farmed
landscape (Lowe et a. 1992; Gasson 1983). Also, farm sizeis often cited as a
factor sui generis influencing land use decisions. Some authors for instance
noticed that larger farmers are more inclined to retain a traditional landscape than
smaller ones (Newby et al. 1977), afact that others explained as a function of
whether or not farmers could avoid becoming engaged in the technological
treadmill, and avoid initiating aterations to the landscape (Lowe, Ward, and
Munton 1992). This suggests that the size of the farm and the relative importance
of farming in the household economy are factorsin land use decisions. The
attitude of the farmer and other family members towards risk and their time
horizon also guide their livelihood strategy, including how they use their land, the
management technique they employ, and how they invest their resources,
including their migration decisions. Unfortunately, in this study we did not have
direct information on farmers' risk and time preferences, though these are likely
affected by factors that we do take into account, such as farm size and household
wealth (Binswanger 1981; Pender 1996). Still, differencesin such factors may

contribute to the unexplained variation in land use.



PLOT LEVEL CHARACTERISTICS
Plots have both fixed and dynamic characteristics. Fixed attributes include slope,

atitude, the presence of obstacles that reduce the area or make cultivation more difficult,

and so on.* Dynamic features, by contrast, refer mainly (but not only) to the effect of
human intervention. We distinguish three levels at which dynamic effects are acting:
previous uses (state dependence); tenure and property regime; and the land’ s own
physical process of change.

1) State dependence: The current alocation of land may be heavily influenced by
how this land was used in the preceding period. The sunk costs of investments
required to change land uses (e.g., land clearing, tree planting, etc.) are likely to
inhibit changes in land use unless the benefits are very high. Furthermore, the
marginal productivity gains of additional investments may be greater where some
investment has aready been made. For instance, once irrigation investment has
been realized, investments in conservation measures may yield higher returns
(Pender and Kerr 1998). Thus, an important predictor of land use at year, may be
land use at year ;.

2) Property and ownership issues: The property regime (e.g., titled land, gjido, etc.)
and the sense of tenure security it provides may affect the willingness to invest, as

well as the cost of investing if property status affects access to credit. Changein

* Note, however, that as land gets transformed by usage and technology—e.g., Slope
modification devices such as terraces and contour plowing— these fixed features tend to
become less determinant; and land that was formerly unused because of fixed
characteristics can be brought under production--but this will require investment.
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ownership may also have an impact on land use (Munton and Marsden 1991),
although we assume here this is associated with the farm characteristics, captured
in our analysis by household level factors. Finally the usufruct arrangements
prevailing at a particularly time in a plot—sharecropping, renting, etc. will also
influence the owners decision asto the use of that land. In many settings for
instance rented land is less valued and protected than owner-occupied land (see,
for instance, Pagiola 1996 for El Salvador).

3) Physical transformations: Dynamic forces may aso emanate from bio-physica
changesin the land itself. Environmental factors affect the type of land use that is
possible, and changes in environmental factors can drive land use change. Until
recently the environment tended to be viewed as “stable.” However, it is now
more widely appreciated that climate and soils are not invariant (cf. Parry et al.
1989; Hekstra 1991). Climate (temperature, rainfall) is changing (although the
magnitude of such change is not well known yet®). Soils are also changing,
whether through natural processes (e.g., erosion, salinisation), through remote

human activity (e.g., acidification®) or through direct human intervention (e.g.,

® Changes in temperature affect the vegetation, as well as the microbial and animal
Species associated with these vegetation types (Holdgate 1991). All these factors affect
land use, either because they change the potential of land to support different crop
species, because they change the genetical basis of some of the species being managed, or
because they induce change in the communities of microbes, plants and small animals
that support vegetative life (Usher 1992).

¢ Acidification affects soil microfaunas: richer communities of species are found in
neutra soilsthan in acid soils. This affects the decomposition of dead plant materials,
which in turn affects soil structure and fertility (Edwards and Lofty 1972; Satchell 1983).
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nutrient depletion and degradation). In this paper we do not consider the macro
level causes of such change (e.g., climate change or acidification), but we include
farmers perception of change in fertility level; and the presence of severe erosion
problemsin the plot. We expect that a change in those variables reflects how
present use of the land affects the soil and that thisin turn has an influence on the

future use of that land (Usher 1992, 33).

3. METHODS

The plot history method (Bergeron and Pender 1996) was devised to confront the
particular difficulties of investigating the history of land use change in data-poor
environments. Our approach reconstructs local history at three levels: plot, household
and community. The land itself being our main unit of analysis, the method centers on
the elaboration of an appropriate plot sampling approach, and of appropriate modes of

data collection. These are briefly detailed below.

DATA COLLECTION

A challenge in the construction of multi-level timelinesis ensuring historical
accuracy and chronological consistency between the various levels. Historical recall data
are notoriously prone to error (Bernard et al. 1984; Deutscher 1973). Particularly, recall
of quantitative data (e.g., “how much did you harvest in that parcel in 19827") is known
to give unreliable estimates. Furthermore—and this was particularly troubling for usin

using a 20-year time horizon—the literature suggests that people are better at
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remembering events that occurred recently rather than along time ago (Bernard et al.
1984). However, ethnologists working on oral history have shown that several data
elicitation techniques may improve informant accuracy (Elinson 1963; Kroeger 1983;
Ross and Vaughan 1986). Some of these techniques involve ajudicious use of cues and
probes (Ryan 1996); linking recalls to external events (e.g., events that are unrelated to
the theme being studied, but which occurred at the time under scrutiny) (Van Willigen
and de Walt 1985); and the use of sequence recalls (Engle 1992).” Psychologists know
that people often resort to “heuristics’ (a cognitive mnemonic process) rather than true
episodic recalls when asked to reconstruct past events (Childress et al. 1995). A good
enumerator can orient the recall process to facilitate respondents’ use of heuristics, in
order to ensure maximum accuracy. Finally, knowing the limitations of recall data, the
inferences made from recall information should be conservative so that interpretations do
not stretch beyond appropriate bounds. Some researchers for instance have argued that,
whereas recall data may be inaccurate for assessing precise quantities for specific
variables, it can provide areliable qualitative picture of what happened, when, and the
order in which it happened (Freeman, Romney, and Freeman 1987; McNabb 1990; Ryan
and Martinez 1996).

In the plot history methodology, the constant reference to other timelines; the use

of particular mnemonic techniques (particularly, heuristics-based time recalls); and the

" Particular activities usually occur within general sequences, and once a general
sequence is identified, its component activities are more easily remembered. The cueing
may therefore be initially directed at recalling sequences—which are easier to identify—
rather than specific activities.
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reliance on qualitative data were used to improve the reliability of informants memories.
Validation of the information was done by triangulating with close acquaintances of the
informant. We also verified the general consistency of recalls with other sources of
historical reconstruction (e.g., confronting the plot history data with results from
historical participatory mapping and the evidence provided by historical aerial photos).
Finally, discussions were held with La Lima farmers to review our overall results, which

in the main received strong support.

SAMPLING

The sampling strategy had to account for the fact that our sampling unit—the
plot—is not afixed entity through time. Over a 20-year period, not only their use but also
their boundaries and their owner may change. Idedlly, one would like to stratify the
sample on land use at baseline (i.e., in 1975) so that changes in land use from a given
basdline could be traced, but this information was not availableto us® It was thus
decided to randomly sample geographical points in the micro-watershed, as such “points’
are independent of history. Once selected, each point was used to specify the plot of
which it is part today, and of which it was part in earlier time periods.® The present and
past managers of the plot were identified so that, if ownership had changed through the

period of interest, previous owners would be visited. Thusin all cases an account of the

8 Sampling based on today’ s land use would have been inappropriate, as this creates
a sampling bias due to sampling on the dependent variable.

° In this sense, the method outlined here might be better referred to as “land point
history” rather than “plot history.”
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manager’ s household characteristics was associated with the plot for the year under
consideration. Likewise, if the plot of which this point is a part had changed boundaries,
then the history of the previous plot was al so reconstituted.

Points were identified using smple random sampling. Randomization was done
by generating a grid of 20m x 20m, overlaying it on the GIS map, and assigning a
sequentia 1D number to each cell. A random number generation was then performed on
the ID series. The geographical coordinates of the centroid for selected cells were
identified. The location of each selected point was aso reported on an aerial photo in
order to identify the present owner and orient the interviewer at time of plot visit.

The sampling of households did not require a particular selection strategy since
households were automatically selected for being owners of the plotsidentified. National
and community level data not conveyed by the household survey (such as prices,
population and infrastructure) were obtained through compilation of secondary data and a

community census.

ANALYTICAL METHODS
Transition Analysis

We examine changes in land use using transition analysis, atool originally
developed by ethnologists to explore sequences and recurrent patterns in decision making
processes (Ryan 1995; 1996; Ryan and Martinez 1995). The study of sequences and
recurrent patterns is based on the idea that people confronted by a need for change

organize their action on the basis of an implicit scheme suggested by their cultura
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experience. This scheme expresses itself in a systematic sequence of actions, which can
be empirically observed (Schwarz 1969; Erasmus 1952). In a situation where multiple
choices are available, people follow predefined “scripts’ organized as a hierarchy of
choices. The discovery of such patterns and hierarchiesis the goal of transition analysis.
To bring thisin the context of land use change, the examination of past land use decisions
should reveal the underlying patternsimplicit in farmers behavior and thus, help predict

future land use assignments.

Econometric Model

The trangition analysis method is based largely on a bivariate description (time vs.
land use) of the data using profile and transition matrices (see Results section below).
Besides the empirical description they provide, those devices are useful to suggest
hypotheses about causes of change. They are not very useful, however, when testing
those hypotheses. Econometric analysisis used instead for that purpose. In this section,
we present the rational e underlying the econometric model used. The approach is derived
from a utility maximization model.

Suppose that households seek to maximize an intertemporal utility function:
> Biule)
t=0
where ¢, is consumption in period t, which is equal to

ct:yt_pk(kt _kz—l) _C(lz—l’lt)
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y, isfarm profit in year t, k, is a vector of farm assetsin year t, and C(I,_,l,) is the cost of
shifting from land use vector |, , in year t-1 to land use vector |, (separate element |, of the
vector for each plot i owned by the household) in year t. Notethat if C(I_,l,) =Oforal I
;and |, I, will beindependent of I,_;. In other words, sunk costs of changing land use
cause state dependence in land use.

Farm profit is determined by aggregating the profits from each plot (i):

yz:Z (pyl.fi(xiz’lit’kiz’zit’zhz’zvt) _pxxit)

where p,; is the price of the output produced on plot i, p, is the vector of input prices, f; is
the production function for plot i, x;, isavector of inputson plot i in year t, |, isthe land
useon ploti inyeart, k; isthe vector of assets allocated to plot i in year t, z, is a vector of
other plot characteristics that may affect productivity (e.g., lope, distance to water, plot
quality rank, soil fertility, erosion), z, are household level factors that may affect
productivity (e.g., human capital), and z, are village level factors that may affect
productivity (e.g., presence of technical assistance programs).

We assume that due to labor market imperfections, credit constraints, or other

market imperfections, the use of some inputs may be constrained; i.e.,

szZ xitsxmax(kz—l’zhz)
1

for some elements of x,, where z, is a vector of household characteristics that influence
such constraints (e.g., family labor endowment, education) and k, , is the vector of

household assets available at the beginning of the year.
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In each year, the farmer’ s choices include land use (1), investment (k-k, ), and
input use (x,). Denote the maximized vaue of the utility functionas V(). Inyear t, this
value function will be afunction of the predetermined state variables (I, ;, k,,) and al the
exogenous variables noted above (py, Py Pus Zis Z Z,0)- Given the recursive nature of the
problem, the solution must satisfy the Bellman equation (suppressing the dependence on

the other exogenous variables):

V(lz—l’kz—l) :maxl[,k[,x”[u(yt(xit’lit’kz‘t) _C(lz—l’lz) _pk(kz _kz—l)) +B V(lt’kt)]

The solution to this problem will include land use as a function of the

predetermined and exogenous variables:

lt(lz—l’kz—l’pt’zit’zhz’th)

where p, is the vector of output, input and asset prices at the local level.

For the econometric work, we assume that local prices of tradable inputs and
outputs are determined by lagged values of real national level prices and market access.
Local prices of relatively non-tradable inputs and assets whose prices are affected by local
demand (such as land and labor) are assumed to be determined by local population level
and access to markets. Given these assumptions, land use is a function of the following

variables:

1l

t—l’kt—l’zit’zhz’th’pz—1’p0pz—1’mkt'accesst—l)
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The precise functional formsfor V(') or I,( ) cannot be analytically determined,
even if functional forms for the production and utility functions are specified. For
simplicity we assume alinear specification for V().

Suppose that the optimal utility possible for each choice | of land useon ploti in

year t (conditional on optimal choice of k,) is given by:

Vical, g vagk, ~o X, +u,

where X, is avector including (z;,z,Z,,P.1, POP,.;, Mkt. access, ;) and uy, represents
unmeasured components of utility known to the household.
If u;, isindependent and has a Weibull distribution, the probability of the

household choosing land use | for ploti inyear tis:

e“zfliz—l*“k/kt—l*“' it-1

ijt
v E e almlitfl+akmktfl+a)rr)(itfl

m

Thisisamultinomial logit model, incorporating state dependence (dependenceon |,,).
Asoutlined earlier, variables introduced in the model include national,
community, household and plot level variables. The national level variablesinclude
indices of real prices of main outputs (maize, vegetables, and beef).’® Community level
variables include village population, market access (whether local road improved), and

access to technology (presence of extension programs).

19 Price data for inputs were not available in suff